Delayed hypersensitivity reactions in the skin are erythematous, indurated reactions reaching maximum intensity 24-72 hours after contact with antigenic material. Contact may be epicutaneous or following intradermal inoculation. The relation between this type of allergic reaction and a more generalized response was first emphasized by Jenner in 1798, who described such a reaction in revaccinated people as a 'reaction of immunity'. Robert Koch described a similar reaction in 1891 in guinea pigs previously infected with the tubercle bacillus. On reinoculation with live bacilli, the second injection set up an inflammatory reaction which was localized and associated with elimination of the infecting organism. The lesion subsequently heals and the animal is left with a scar instead of permanent ulceration. This reaction of the tuberculous animal against reinfection is known as 'Koch's phenomenon'. Since Koch's time there has been considerable controversy as to the relation between delayed hypersensitivity and resistance to infection in a number of chronic bacterial and parasitic infections, and viral infections. There is no doubt that, in many of these infections, a state of delayed hypersensitivity to antigens derived from the infecting organism develops at the same rate as and in parallel with resistance to infection. This point has been emphasized on many occasions by Mackaness and shown experimentally in mice infected with Listeria monocytogenes. In clinical medicine, increased resistance to infection with Mycobacterium tuberculosis induced by BeG vaccine has regularly been assessed by the use of the tuberculin test. In other chronic infections in which there is a clinical spectrum of disease, such as leprosy, leishmaniasis and fungal diseases, the low-resistance, disseminated form of the infection is associated with an absence of delayed hypersensitivity to antigens derived from the infecting organism, whereas in the high-resistance, localized form of the disease, delayed hypersensitivity to these antigens can be demonstrated with ease. The concept of the hypersensitivity reaction being directly responsible for the elimination of the infecting organism, as put Ba.sed on Professor J L Turk's Presidential Address to l ectlon of Clinical Immunology & Allergy, 9 October 978 0141-0768/79/040243-03/$01.00/0 forward by Koch (1891),may not be as straightforward as might be assumed from the work of Mackaness and his associates (Mackaness 1962 , North 1972 . Youmans & Youmans (1969) emphasize that delayed hypersensitivity and cellular immune processes underlying resistance to infection may be directed against different antigenic groupings on the same organism. In their studies they could show a dissociation between tuberculin sensitivity and immunity to M. tuberculosis. A similar dissociation had been emphasized over forty years previously by Arnold Rich and his associates (Rich & McCordock 1929 , Rothschild et al. 1934 ,who had shown that desensitization to tuberculin had not affected immunity to infection with M.
tuberculosis.
This controversy has now to be updated with the broadening of the concept of delayed hypersensitivity and the introduction of the term 'specificcellmediated immunity' to include the large number of tissue reactions that are now recognized to be Tcell mediated. These include not only organ and tissue graft rejection, organ-specific autoimmune disease processes, but also granuloma formation in response both to infecting organisms such as schistosomes and to environmental agents such as zirconium. In addition to this broadening of the concept, there has been the addition of a number of in vitro tests to the delayed hypersensitivity skin reaction. They include the lymphocyte transformation test (LTT) and the leukocyte migration inhibition test (LMIT). Thus we are concerned not only with the relation between delayed hypersensitivity and these various tissue reactions (resistance to infection, granuloma formation, etc.), but also with the relation between the in vitro tests (LIT and LMIT) and delayed hypersensitivity. An added complication is that it is now recognized that delayed hypersensitivity skin reactions can take on at least two forms. Classically, delayed hypersensitivity reactions like the tuberculin reaction maintain their intensity for 48 and even 72 hours. More transient reactions, maximum at 24 hours, are much reduced at 48 hours and undetectable at 72 hours. These reactions, known as Jones-Mote reactions (Raffel & Newel 1958) , have been shown in experimental situations to be reactions that are similar to tuberculin-type reactions but under stronger immunoregulatory control. These reactions can be increased in intensity to the level of tuberculin-type reactions by removing the regulatory control imposed by specifically-sensitized regulator B-cells. The precursors of these cells can Journal of the Royal Society of Medicine Volume 72 ApritJ979 be selectively depleted in experimental animals by pretreatment with cyclophosphamide (300 mg/kg) without affecting the effector T-cells that react specifically with antigen to produce the delayed hypersensitivity reaction. Such an increase ill' delayed hypersensitivity skin reactivity is associated with a parallel increase in lymphocyte reactivity in vitro in the lymphocyte transformation test (Ascher et al. 1977) .
In a number of clinical conditions it may be preferable to use in vitro techniques rather than the skin test as a measure of delayed hypersensitivity. A study along these lines has recently been undertaken to observe changes in the spectrum of cellmediated immune responses in patients with syphilis (Friedmann & Turk 1975 , 1978 . In this study, specific lymphocyte reactivity to Trepronema pallidum was undertaken using the LTT. It was observed that some degree oflymphocyte reactivity might be observed in seropositive syphilis. This, however, was lost in secondary syphilis, associated with dissemination of the disease. Patients with cardiovascular disease had positive reactivity. However, positive reactivity was also observed in recently reinfected patients, showing that this reaction obviously did not indicate the presence of protective immunity. In addition, positive reactivity could be induced rapidly, within 7 days of the onset of therapy, in patients with both primary and secondary disease symptoms. This would indicate that the patients already had developed the capacity to respond but that this had been temporarily suppressed by the high antigenic load. A similar phenomenon had been observed over fifty years previously by Noguchi using skin tests with treponemal antigens (see Planner 1929) . The association between delayed hypersensitivity and cell-mediated tissue injury, rather than resistance to infection, comes out particularly in recent studies in patients with leprosy in Ethiopia (Bjune et al. 1976 ). In these patients there was a general trend towards higher levels of lymphocyte transformation in the highresistance tuberculoid forms of the disease, and low I~vel s in the lepromatous forms. However, considerable variation was noted. Higher levels of LTT occurred in patients with inflamed skin lesions than in those with dormant lesions, even in the borderline tuberculoid group. It was therefore concluded that LIT results ran more in parallel with the development of hypersensitivity than with host resistance to the organism. This was particularly so in patients with reversal reactions who showed clinical and histological features of delayed hypersensitivity in their lesions and had a marked rise in the LTT response.
In tuberculosis, Lenzini et al. (1977) have compared the clinical course of a group of patients with the time course of their delayed hypersensitivity reaction to tuberculin purified protein derivative (PPD) and the reaction in vitro of their leukocytes to PPD in the LMIT. They have defined a spectrum similar to that seen in leprosy, ranging from RR (reactive) equivalent to TT (tuberculoid), to UU (unreactive) equivalent to LL (lepromatous). RR patients with localized lesions, who responded rapidly to treatment, invariably produced good tuberculin-like delayed hypersensitivity reactions and responded well in the LMIT. Across the spectrum, Jones-Mote type of delayed hypersensitivity reactions were found with increasing frequency to be associated with poor performance in the LMIT as the disease became more diffuse and the response to treatment poorer. In the UU group, which included disseminated miliary tuberculosis, both skin reactivity to tuberculin and the LMIT were negative.
In other situations, delayed skin reactivity may not completely parallel tissue damage. This can be shown to occur during the development of experimental allergic orchitis in guinea pigs (Muir et al. 1976) .Male animals immunized with testis antigen developed delayed hypersensitivity at one week, but the level of hypersensitivity was not as great as that which developed in females immunized with the same antigen, until 6 weeks after immunization. This depression in skin test reactivity occurred at the peak of the inflammatory reaction in the testis and was associated with a depression in sensitivity to a non-cross reacting antigen (tuberculin). Thus under certain circumstances, delayed hypersensitivity as assessed by skin testing may actually be depressed at the peak of an intense cellmediated immune reaction to the same antigen.
For many years it has been appreciated that a better correlation can be found between host resistance in leprosy and the nodular granulomatous Mitsuda skin reaction maximal at 3 weeks, rather than the classical delayed hypersensitivity reaction to lepromin, known as the Fernandez reaction. In current experiments (Curtis & Turk, in preparation) in Mycobacterium lepraemurium infection of mice, we have found a similar correlation of host resistance with development of a late granulomatous lesion present 4 weeks after footpad testing. Such a reaction develops in highresistance C57Bl mice but not in low-resistance BALB/c mice. Both strains show 24-hour footpad reactions; however in C57Bl mice these persist for 48 hours, whereas in BALB/c mice there is a lack of persistence. Thus, resistance to infection is associated not only with a tuberculin-like footpad reaction, but also with the ability to develop a strong granulomatous reaction.
Although granulomatous reactions were thought by Metchnikoff (1893) to be important in host resistance to chronic mycobacterial infection, large granulomas associated with marked tissue damage and fibrosis are not the hallmark of the highest level of resistance, as seen in certain cases of polar tuberculoid leprosy. Granulomas similar to those found in borderline tuberculoid leprosy, fibrocaseous tuberculosis, sarcoidosis and the sarcoid reaction to tumours, may be induced under experimental conditions in guinea pigs that have been sensitized to develop a state of delayed hypersensitivity to sodium zirconium lactate .These granulomas contain cells of the mononuclear phagocyte system which, under the electron microscope, can be shown to have a rough endoplasmic reticulum and other features such as a fimbriated cell membrane typical of epithelioid cells. In addition, mononuclear phagocytes can be seen to form giant cells. Other mononuclear phagocytes in epithelioid cell granulomas may be activated, in that they contain an increased number of mitochondria and lysosometype particles. However, the most frequent cell type to be found in such granulomas is the fibroblast. These cells have widely dilated cisternae of rough endoplasmic reticulum which contain an electron-dense material and are surrounded by recently secreted collagen. The relation between actively-synthesizing fibroblasts and epithelioid cells in immunologically-induced granulomas is particularly striking. In most nonimmunological granulomas, such as those induced by aluminium hydroxide or in lepromatous leprosy, cells of the mononuclear phagocyte series remain largely undifferentiated, and there is little evidence of increased fibroblast proliferation. The question thus arises as to what stimulates cells of the mononuclear phagocyte series to transform into epithelioid cells in cell-mediated granulomatous reactions. Could this transformation be one of the changes induced in macrophages by lymphokine released as the result of interaction between T-cells and antigen? There is no doubt that macrophages can be activated by lymphokine in vitro, as evidenced by a change in morphology and an increase in enzyme activity -both of the Krebs cycle and the hexose monophosphate shunt (Nath et al. 1973 , Poulter & Turk 1975 . However, at present it is not possible to show whether this process can be continued to a further change in morphology and the development of the hallmarks of the mature epithelioid cell, particularly rough endoplasmic reticulum. Finally, it is important to identify the secretory products of the epithelioid cell and find out Whether these cells produce agents which can acti-Vate fibroblasts and stimulate them to increased COHagen synthesis. For it is fibrosis that is frequently.the cause of many of the symptoms of patients With granulomatous disease, such as schisto-Somiasisor sarcoidosis.
To conclude, delayed hypersensitivity is one of the manifestations of cell-mediated immune re-0141-Q768/79/040245....()3/$0 1.00/0 actions. Under certain circumstances it may parallel host resistance to infection; in other situations it may parallel more closely inflammatory tissue changes. Particularly, it may be involved in granuloma formation leading to fibrosis. However, it should be emphasized that delayed hypersensitivity and cellular immunity may frequently be directed at the same time against different antigens on the same organism.
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